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ABSTRACT 

The [O IV] A25.89 /m line has been shown to be an accurate indicator of active galactic nucleus (AGN) in- 
trinsic luminosity in that it correlates well with hard (10-200 keV) X-ray emission. We present measurements 
of [O IV] for 89 Seyfert galaxies from the unbiased revised Shapley-Ames (RSA) sample. The [O IV] lumi- 
nosity distributions of obscured and unobscured Seyferts are indistinguishable, indicating that their intrinsic 
AGN luminosities are quite similar and that the RSA sample is well suited for tests of the unified model. In 
addition, we analyze several commonly used proxies for AGN luminosity, including [O III] A5007 A, 6 cm 
radio, and 2-10 keV X-ray emission. We find that the radio luminosity distributions of obscured and unob- 
scured AGNs show no significant difference, indicating that radio luminosity is a useful isotropic luminosity 
indicator. However, the observed [O III] and 2-10 keV luminosities are systematically smaller for obscured 
Seyferts, indicating that they are not emitted isotropically. 
Subject headings: galaxies: active, galaxies: nuclei, galaxies: Seyfert 



1. INTRODUCTION 

Many differences among active galactic nuclei (AGNs) are 
explained in terms of the line of sight to the supermassive 
black hole, such that an object will be classified as unob- 
scured (type 1) if the central continuum source and broad- 
line region are directly visible, or as obscured (type 2) if large 
amounts of gas an d dust block the central region. Unifica- 
tion schemes (e.g., lAntonuccHll993l) often invoke obscuring 
material in a torus geometry, such that the observed spectral 
energy distribution depends solely on viewing angle and the 
covering fraction of the torus sets the ratio of obscured to 
unobscured objects. This paradigm has been challenged by 
suggestions that the obscured- to-unobscured ra t io varies as a 
funct i on of luminosity (e.g. , lUeda et ail 120031: iSteffen et al.l 
120031: lLa Franca et al.l 120051) and that some low -luminosity 
AGNs may not have broad-line regions at all (e. g., lTranl2003l: 
iBianchi et al.1 12008: Brig htman & Nandral2008h . 

To test models for the geometry of the obscuring material 
and the fundamental differences between type 1 and type 2 
AGNs, one needs an unbiased, well-understood sample of ob- 
jects that includes both low-luminosity and highly obscured 
sources. The spectroscopically selected, galaxy-magnitude- 
limited sam£k_drawnjTOmJ^ 

(RSA; IShaplev & Ames! 119321: ISandage & Tammannl 11987b 
meets these criteria (Maiolino & Rieke 1995: lHo et al.ll 1997b . 
and is well suited to probe basic predictions of AGN behavior. 
For example, if the sample is truly unbiased and the unified 
model is correct, the intrinsic AGN properties of the obscured 
and unobscured members should be the same. 

In this pape r, we consi der 89 Seyfert s from 
iMaiolino & Riekd (119951) and IHo et al.l d 19971) drawn 
from the parent sample of galaxies with Bj < 13. 3 This 
sample (see Table [TJ includes 18 Seyfert Is (type 1.0-1.5, 
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3 We do not include two galaxies classified as Seyferts by Ho et all 119971) . 
NGC 1 85 and NGC67 6. The former is a dwarf sp heroidal galaxy without a 
well-defined nucleus (Ho et al. 1995; Ho & Ulvestad 2001), and the latter is 
contaminated by a bright star 5" from its nucleus. 



hereafter Syls) and 71 Seyfert 2s (type 1.8-2, hereafter 
Sy2s). We use it to probe whether there is a systematic lumi- 
nosity difference between obscured and unobscured AGNs. 
Such a difference would be ex pected if AGN o bscuration 
were luminosity dependent (e.g.. lLawrencd[l99l1) or if there 
existed a significant population of low-luminosity AGNs 
that l ack a broad-line region (e.g.. lLaorll2003t iNicastro et al.l 
120031) in the sense that Sy2s would be disproportionately 
represented at faint luminosities. We determine the AGN 
luminosity through measurements of the [O IV] emission line 
at 25.89 fim (ionization potential 54.9 eV, critical density 
10 4 cm" 3 ), which has been established as a n ac curate lumi- 
nosity indicator by Mele ndez et al.1 (l2008al) and [Rigby et al. 
(2009) by comparison to hard (E > 10 keV) X-rays. We 
also compile measurements from the literature of quantities 
that are thought to be luminosity indicators, including 
[O III] A5007 A, 2-10 keV X-ray, and 6 cm radio emission, 
to determine which are in fact isotropically emitted. 

2. DATA 

We gather data from the Spitzer Space Telescope 
dWerner et al.ll2004l) archive ta ken with the Infrared Spectro- 
graph ("IRS: lHouck et al.ll2004l) in the first order of the Long- 
Low module (LL1; A = 19.5-38.0 /im). The slit size for 
this order is 10.7" x 168" and the resolution is R = 64-128. 
For data taken in staring mode, we begin our analysis on 
the post-basic calibrated data produced by the Spitzer Sci- 
ence Center pipeline and compute a weighted average of the 
one-dimensional spectra extracted at each of the nod posi- 
tions. For data taken in mapping mode, we begin our analysis 
with the basic ca librated data and use the CUBISM software 
( Smith et al. 2007|) to combine two-dimensional images and 
extract one-dimensional spectra. To obtain flux calibration 
appropriate for point sources, we disable the FLUXCON and 
SLCF options within CUBISM, and use 10.7 x 35.2" aper- 
tures centered on the nucleus of the galaxy; this aperture cor- 
responds to the LL1 slit size (10.7") and the default point- 
source extraction aperture size at 26 (35.2"). 

For each spectrum, we fit a power law to the continuum 
using the rest-frame wavelength regions 24.75-25.5 and 
26.5-27 fj,m. We then fit a Gaussian to the [O IV] line and 
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calculate the error on the flux measurement using the uncer- 
tainty in the five pixels closest to A res t = 25.89 /im and the 
rms of the continuum fit in the wavelength regions mentioned 
above. For cases where this method yields a < 5a line detec- 
tion, we inspect the spectrum visually to determine whether 
the line is confidently detected. If there is not a clear de- 
tection, we calculate a conservative upper limit by adding 
3cr to the best-fit flux. The IRS LL1 data for NGC1068, 
CIRCINUS, and NGC4945 are satu rated, so we take fl uxes 
from ISO-SWS sp ectra published by lSturm etaP (120021) and 
ISpoon et alJ (12000) . 

A source of uncertainty for [O IV] fluxes measured 
from low-resolution IRS spectra is contamination by 
[Fe II] A25.99 /im (ionization potential 7.9 eV) emission asso- 
ciated with star formation. Spectra from the IRS Long-High 
module (LH, R ~ 600) are available for 68/70 of the Seyferts 
with an LL1 line detection, so we are able to measure the 
amount of [Fe II] contamination. We analyze the post-basic 
calibrated data from LH order 15 (A = 25.0-27.4 /im) and 
fit a Gaussian to each of the two lines. For sources with 
LL1 equivalent widths (EWs) greater than 0.10 /im, the me- 
dian value for the sample, we find that the [Fe II] contri- 
bution is small (< 15% in all cases). Among the sources 
with lower EWs, most still have < 25% [Fe II] contribu- 
tions, but a few are actually dominated by [Fe II] (NGC3079, 
NGC4579, NGC4594, NGC5005). We apply a correction to 
the LL1 [O IV] measurements for all sources that have an LH 
[Fe II] detection. The [O IV] fluxes and uncertainties are listed 
in TableQ] 

For the purpose of determining whether sources with large 
[Fe II] contributions can be identified without high-resolution 
data, we consider the [Ne II] A 12. 81 /im (ionization potential 
21.6 eV) emission, which is also associated with star forma- 
tion. Inspection of IRS data from the first order of the Short- 
Low module (A = 7.4- 14.5 ^m) indicates that sources with > 
15% [Fe II] contributions also have strong [Ne II] lines; the ra- 
tio of [Ne II] to [O lv]+[Fe II] for these sources is always unity 
or greater. Indeed, all 19 sources with > 15% [Fe II] contri- 
butions can be identified as having both [O IV] EW < 0.1 fjm 
and [Ne ll]/[0 IV] > 1. There are, however, an additional 
eight sources that meet these criteria, but only have ~ 10% 
[Fe II] contributions. 

Utilizing the NED 4 and HEASARC 5 databases, we 
searched the literature to gather [O III] A5007 A emission-line 
fluxes, 2-10 keV X-ray fluxes, and 6 cm radio flux densities. 
These values and the corresponding references are included in 
TableQ] When multiple values were available, we gave prefer- 
ence to measurements with smaller beam sizes that isolate the 
nuclear emission from that of the host galaxy. All values are 
observed quantities that have not been corrected for extinc- 
tion. For the galaxies with extin ctio n-corrected [O H i] fluxes 
published bv lVaceli efail (11997b and I Winkler! ( 119921) . we cal- 
culated observed [O III] fluxes based on the assumed dust 
reddening. All sources have published 6 cm flux densities 
or upper limits, and all except NGC4945 have published 
[O III] fluxes. The X-ray coverage of the sample is less com- 
plete, but 72/89 galaxies have published 2-10 keV fluxes, and 
an additional nine sources have unpublished XMM-Newton 
archival data. For these nine sources, we use European Pho- 
ton Imaging Camera count rates and flux measurements in the 
2.0-4.5 keV and 4.5-12.0 keV bands from the XMM-Newton 
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FIG. 1. — The distribution of [O IV] A25.89 fim luminosities for Seyfert 
galaxies in the RSA sample. The top panel shows histograms for Sy2 detec- 
tions and upper limits (dashed blue line), Sy2 detections (dashed blue line 
marked by blue circles), Syl detections and upper limits (solid red line), and 
Sy l detections (solid red line marked by red stars). The bottom panel shows 
the empirical distribution functions for Sy2s and Syls. The distributions are 
not statistically distinguishable. 



4 http://nedwww.ipac.caltech.edu/. 

5 http://heasarc.gsfc.nasa.gov/. 



Serendipitous Source Catalogue (Wats on et al.l 12009) along 
with the power-law photon index V inferred using PIMMS 
v3.9i 6 to estimate 2-10 keV fluxes. More complete X-ray 
spectral analysis for these sources is deferr ed to future work. 7 
For galaxies studied by iHo et al.1 dl997l) . we use distances 
from their Table 10 with exceptions forNGC1058, NGC3031, 
NGC4258, NGC4395, and NGC5194 (see Table [Q. For the 
remaining galaxies we use distances from NED that are cal- 
culated assuming Ho = 73 km~| s" 1 Mpc" 1 and velocity-field 
corrected using the lMould et alJd200 0) model, which includes 
the influence of the Virgo cluster, the Great Attractor, and the 
Shapley supercluster. 

3. COMPARISON OF ISOTROPIC AGN INDICATORS 
Commonly proposed isotropic indicators of AGN luminos- 
ity include [O III] A5007 A, radio, and hard X-ray emission. 
Our [O IV] A25.89 fim measurements and the data we have 
gathered from the literature let us compare these indicators in 
obscured and unobscured members of the RSA Seyfert sam- 

6 http://heasarc.nasa.gov/Tools/w3pimms.html. 

7 However, inspection of pipeline products from XMM-Newton Science 
Archive Version 5.0 I http://xmm.esac.esa.int/xsa/ 1 reveals a strong (EW > 
1 keV) Fe Kct emission line in the spectrum of NGC7479, indicative of a 
Compton-thick source. 
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FIG. 2. — Top panel: The relationship between [O IV] A25.89 fim and 
[O III] A5007 A luminosities. No extinction corrections have been applied. 
Syls are indicated by red stars, Compton-thin (Nh < 10 24 cm -2 ) Sy2s are 
indicated blue circles, Compton-thick (Nh > 10 24 cm -2 ) Sy2s are indicated 
by green squares, and Sy2s with unknown column densities are indicated by 
orange triangles. While most Syls have order unity [O IV]/[0 III] luminosity 
ratios, a number of Sy2s are significantly brighter in [O IV] by up to a factor 
of ~ 100. We interpret this as being due to large host galaxy obscuration 
in some Sy2s. The arrows indicate the effects of extinction on the observed 
[O III] luminosity for Ay = 1 and Ay = 5. Bottom panel: the distribution of 
[O III] luminosities, with histogram colors and symbols as in FigurefT] The 
distributions for Syls and Sy2s are statistically different with p < 0.005. 



pie. 

We present the distribution of [O IV] luminosities in Fig- 
ure [1] the distributions for Sy2s and Syls are quite similar. 
We utilize t wo-sample statistical tests that take upper limits 
into account (Feigels on & Nelsonll9 85). and find that the two 
samples are consistent with being drawn from the same par- 
ent distribution (see Table |2j. When the Sy2s are grouped 
by X-ray column density, we find that both Compton-thin 
(Nh < 10 24 cm" 2 ) and Compton-thick (N H > 10 24 cm" 2 ) Sy2s 
are statistically indistinguishable from Syls. The only statisti- 
cally significant difference is found when comparing the Syls 
to the Sy2s without published column densities. This latter 
group is biased towards X-ray-faint sources that do not have 
enough counts for a column density measurement and proba- 
bly tend to have lower intrinsic luminosities. In Figure [Tj the 
largest deviation between the Syl and Sy2 distributions oc- 
curs in the L[o iv] = 10 385 -10 40 erg s" 1 range, where these "Nh 
unknown" Sy2s are concentrated. We emphasize that this de- 
viation does not produce a statistically significant effect in the 
overall Sy2 sample, and is less pronounced than the apparent 
excess of low-luminosity (L[Oiv] < 10 40,5 erg s" 1 ) Sy2s rela- 
tiv e to Syls seen in a hyb rid sample of local Seyfert galaxies 
bv lMelendez etail J2008h . 

The [O III] luminosities are presented in Figure|2]and the re- 



FlG. 3. — Top panel: The relationship between [O IV] A25.89 fim and 6 cm 
radio luminosities. The symbols are as in Figure fJ] There is large scatter 
in this relationship, but also significant overlap between the various Seyfert 
types. Bottom panel: The distribution of 6 cm luminosities, with histogram 
colors and symbols as in FigurefT] The distributions for Syls and Sy2s are 
not statistically distinguishable. 



suits of statistical tests are presented in Table[3] We find a sta- 
tistically significant difference between the [O III] luminosity 
distributions of Syls and Sy2s; the probability that the two 
samples are drawn from the same parent distribution is p < 
0.005. While Syls tend to have observed [O lv]/[0 III] ratios 
of order unity, a sizable fraction of the Sy2s have significantly 
larger ratios (e.g., all 21 objects with both lines detected and 
[O IV] /[O III] > 5 are Sy2s; see the upper-left side of Fig- 
ure [2]). We interpret this behavior as being due to larger host 
galaxy obs curation towards the narrow-line region in Sy2s. 
Similarly, lHaas et aT] d2005h invoke optical extinction to ex- 
plain the higher [O lv]/[0 III] ratios in FR2 radio galaxies 
relative to quasars. The fluxes in Table[T]are not corrected for 
extinction, and in some cases the [O III] extinction corrections 
implied by optical di agnostics such as th e Balmer decrement 
are substantial (e.g., Bas sani et alj fl999!). However, applying 
such a correction does not always yield a satisfactory result 
— two of the galaxies with the largest [O lv]/[0 III] ratios, 
NGC3281 and NGC5128, only exhibit moderate Balmer red- 
dening Ha/H/3 ~ 6. This corresponds to extinction by a factor 
of ~ 10 at 5007 A, not sufficient to explain the extreme val- 
ues [Olv]/[Olll] ~ 100. This discrepancy can be explained if 
[O IV] is detected from heavily extincted regions that are opti- 
cally thick (r >> 1) at visible wavelengths, while the [O III], 
Ha, and H/3 lines are detected exclusively from less-extincted 
regions, resulting in a shallower observed Balmer decrement 
that underestimates the true extinction. Interestingly, there is 
no statistically significant difference between the [O III] dis- 
tribution of Syls and Compton-thick Sy2s, but this is because 
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FIG. 4. — Top panel: The relationship between observed [O IV] A25.89 /Ltm 
and 2-10 keV X-ray luminosities. No extinction corrections have been ap- 
plied. The symbols are as in Figureff] A clear sequence can be seen between 
the location of Syls, Compton-thin Sy2s, and Compton-thick Sy2s that re- 
flects increasing amounts of X-ray obscuration. The observed 2-10 keV 
X-ray emission is not a reliable indicator of AGN power for sources with 
significant obscuration. The arrows indicate the effect of column density 
Nh = 10 23 cm -2 and Nh = 10 24 cirr 2 on the observed X-ray luminosity. Bot- 
tom panel: The distribution of 2-10 keV luminosities, with histogram colors 
and symbols as in Figure [T] The distributions for Syls and Sy2s are statisti- 
cally different with p < 1 X 10~ 5 . This figure illustrates the strong bias against 
Sy2 galaxies, and particularly against Compton-thick Sy2s in X-ray-selected 
AGN samples. 



the known Compton-thick sources are biased towards high lu- 
minosities; lower-luminosity sources with Nh > 10 24 cm" 2 
likely exist in the "Nh unknown" category, but have not yet 
been individually identified as Compton thick. We conclude 
that [O III] A5007 A is a significantly less reliable quantitative 
indicator of AGN activity than is [O IV] A25.89 jtzm. 

We show in Figure [3] and Table [4] that the distributions 
of radio luminosity density for Syls and Sy2s are indis- 
tinguishable. This result is not surprising given that ra- 
dio emission is unaffected by dust. The Sy2s without col- 
umn density measurements are shown, once again, to be 
intrinsically weaker on average than the rest of the sam- 
ple. The only source in the sample that exceeds the canon- 
ical radio luminosity threshold for radio-loud AGNs (L v > 
10 32 erg s" 1 Hz" 1 ; e.g. jMiller et"ail[l990l) is NGC1275, but a 
handful of objects in Figure [3] have large 6 cm/[0 IV] flux 
ratios that are suggestive of a radio-intermediate classifi- 
cation. Besides NGC1275, which falls beyond the range 
plotted in Figure [3] the 10 objects with the largest ratios 
are NGC7213, NGC5128, NGC2639, NGC4594, NGC3031, 
NGC4579, NGC3079, NGC2655, NGC4168, and NGC4472. 
With these sources excluded, the scatter in Figure [3] reduces 
from 0.93 dex to 0.57 dex. While this scatter is large, and ra- 



dio selection is biased towards sources that emit a larger frac- 
tion of their bolometric luminosity in the radio, we conclude 
that radio luminosity is an isotropic AGN indicator. 

The observed 2-10 keV X-ray luminosities of Sy2s are bi- 
ased compared to those of Syls, and with high statistical sig- 
nificance, p < 1 X 10~ 5 . This behavior can be seen in Fig- 
ure 2] and Table [5] and is not surprising given that one ex- 
pects typical Sy2 gas column densities of 10 22 -10 25 cm" 2 to 
absorb 10%-100% of the flux in the 2-10 keV energy range. 
Only much higher X-ray energies promise to be accurate mea- 
sures of AGN activity levels, although the most obscured 
sources will still be affected even at > 20 keV energies (e.g., 
IMelendez et ail 2008a; R igbv et alj|2009h . There is a clear 
offset in Figure [4] between the points corresponding to Syls, 
Compton-thin Sy2s, and Compton-thick Sy2s as one moves 
towards smaller observed X-ray luminosities. The objects 
with unknown column densities fall in between and overlap 
with the Compton-thin and Compton-thick Sy2s, suggesting 
that many are highly absorbed and that a significant fraction is 
likely to be Compton-thick. We note that 8/29 objects in this 
Nh unknown category have no data in the 2-10 keV range, 
and thus do not appear in Figure |4j nor are they included in 
the statistical tests. 

4. DISCUSSION 

We have found that the Syls and Sy2s in the RSA sam- 
ple have quite similar [O IV] A25.89 /im lu minosity distri- 
butions. In a companion paper, Rig bv et all §009) compare 
[O IV] luminosity to hard (14-195 keV) X-ray luminosity for 
the RSA Syls, and establish [O IV] to be a measure of in- 
trinsic AGN luminosity. Thus our result indicates that the 
Syls and Sy2s in the RSA sample are consistent with being 
drawn from the same parent distribution of intrinsic luminos- 
ity. It also confirms that the RSA sample is one of the least- 
biased AGN samples known, and is well suited for tests of 
the unification paradigm and the nature of the obscuring ma- 
terial around AGNs. Furthermore, we find that the observed 
[O III] A5007 A and 2-10 keV X-ray luminosities are biased 
in dicators of AGN intrinsi c luminosity, confirming the results 
of IMelendez etaLl d2008al) . 

4. 1 . Implications for X-ray-selected AGN samples 

It has been argued from deep X-ray surveys with Chan- 
dra (e.g., lUeda et all l200l iSteffen etail [2003b and XMM- 
Newton (e.g.. lLa Franca et all 120051) that the obscured AGN 
fraction decreases with increasing luminosity. Such a trend 
with observed 2-10 keV X-ray luminosity is also seen in 
Figure [4] However, we have shown that the [O IV] lumi- 
nosity distributions of obscured and unobscured AGNs in 
the RSA sample are quite similar. Thus, the trend in Fig- 
ure [4] is most easily explained as a selection effect due to 
obscuration of Sy2s in the 2-10 keV band. This effect is 
quite strong in the RSA sample; while Syls constitute only 
20% of the whole sample, 9/14 of the sources with observed 
2-10 keV luminosities > 10 42 erg s" 1 and all three of the 
sources with observed Lx > 10 43 erg s -1 are Syls. The RSA 
does not include sources at the bright end of the X-ray lu- 
minosity function (~ 10 45 erg s" 1 ) and thus is not able to 
probe the luminosity dependence of the obscured AGN frac- 
tion to the highest luminosities, but the large selection ef- 
fects at lower luminosity are striking. A s suggested by our 
results for local AGNs, iDwellv & Page! d2006l) find that the 
absorption of X-ray sources in the Chandra Deep Field South 
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is best described by models where the obscured fr action is 
constant with luminosity, and iTreister et alj (120051) also ar- 
gue that the the observed decrease with luminosity can be 
explained as a selection effect. Interestingly, a lower inci- 
dence of obscured so urces at higher luminosities is found by 
ISazonov et all (120071) in an all-sky X-ray with INTEGRAL in 
the 17-60 keV band, which covers ~ 75% of the sky down to 
a relatively shallow flux level / = 7 x 10" 11 erg cm" 2 s" 1 . This 
result may indicate that even very hard X-rays are biased tr ac- 
ers of obscured AGNs, as sugg ested bv lRiibv et al.l (120091) . If 
so, then deep surveys with Chandra and XMM-Newton will 
remain biased up to redshifts of z ~ 3 or more, despite their 
sampling of rest-frame X-ray energies > 20 keV at these red- 
shifts. 

4.2. Possible Missing AGNs 

What sources could the RSA sample be missing? The most 
obvious group of AGNs would be those that lack signs of 
accretion activity in optical spectra (e.g., iRigby et al.1 120061: 
iGhosh et al.l 120081) . It is clear from Figure [2] that there are 
some objects in the RSA with extreme [O lv]/[0 III] ratios, 
but these objects are all at the bright end of the [O IV] flux 
distribution with / > 3 X 10~ 13 erg cm" 2 s" 1 and correspond- 
ing [O III] fluxes ~ 10~ 14 erg cm" 2 s" 1 . It is reasonable to 
expect that sources with such highly extincted [O III] would 
also exist at fainter flux levels, but may be missed by optical 
emission-line selection. Such selection would also miss any 
AGN so deeply embedded that the continuum source is not 
able to photoionize the narrow-line region. This implies that 
the 4: 1 ratio of obscured to unobscured Seyferts in the RSA 
sample is a lower limit. 

We have made a preliminary evaluation of the incidence of 
"missing" obscured Seyferts from the Spitzer spectra of star- 
forming gala xies in the S INGS sample dKennicutt et al.l2003l) 
published by Dale et al. (2009). Among the B T < 13 RSA 
galaxies in lDale et al l (12009b . 28/51 have > 2a [O IV] detec- 
tions, but many of these lines are quite weak, especially when 
compared to [Ne II] A12.81 ^m. Except for NGC1705, ev- 
ery galaxy with [O lv 1/ r Ne n] > Q.Q5 ("corresponding to > 
2% AGN contribution: ISturm et al.ll2002l: lArmus et alJl2007t) 
is optically classified as an AGN (LINER or Seyfert) by 
J. Moustakas et al. (2009, in preparation). The remain- 
ing candidate, NGC1705, is a dwarf starburst galaxy with an 
[O IV] luminosity < 10 38 erg s" 1 , smaller than any of the RSA 



Seyferts. Ultraviolet spectra of this gal axy show evidence 
for Wolf-Rayet stars (M eurer et al.lll992[) that could explain 
its observed [O lv]/[Ne II] ratio ("e.g.. lSchaerer & Stasihska 
1999). It is also ano malously weak in th e radio, even for 
a star-forming galaxy dCannon et al.l 120061) . so we conclude 
that it is not likely that NGC1705 contains a genuine active 
nucleus. Thus the incidence of AGNs that are missed by op- 
tical emiss ion-line selection does not appear to be large (but 
see also lSatyapal et al.ll2008h . 

5. SUMMARY AND CONCLUSIONS 

We have presented measurements of [O IV] A25.89 fim lu- 
minosity for 89 Seyfert galaxies from the RSA sample and 
compared the distributions of [O IV], [O III] A5007 A, 2- 
10 keV X-ray, and 6 cm radio luminosities among Syls and 
Sy2s. We find that the distribution of [O IV] luminosities 
for Sy2s is indistinguishable from that for Syls, while their 
[O III] luminosity distributions are statistically different. Un- 
der the assumption that [O IV] is an accurate tracer of intrinsic 
AGN luminosity, this indicates that the obscured and unob- 
scured RSA Seyferts are consistent with being drawn from 
the same parent luminosity distribution, and argues against 
models where the ratio of obscured to unobscured AGNs de- 
pends on luminosity. It also indicates that there is significant 
extinction towards or within the narrow-line region in a subset 
of Sy2s. Additionally, we find that obscured and unobscured 
AGNs have similar distributions of radio luminosities, while 
their observed X-ray luminosities are quite different, which 
provides insight into the nature of the sources missed by X- 
ray surveys. 
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TABLE 1 
Table of Measurements 
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NOTE. — References: (1) Ho et al. (1997). (2) Gu et al. 1 2006). (3) Veron-Cettv & Veron 1 1986). (4) Vaceli et al. 1 1997). (5) de Griin et al. i 1992). (6) Winkler (1992). 
(7) Oliva et al. i 1994). (8) Sta lifter 1 1982). (9) Cruz-Gonzalez et al. 1 1994). (10) Fricke & Kollatschny 1 1989). (1 1) Ho & Ulvestad 1 2001). (12) Ulvestad & Wilson i 1989). (13) 
Morganti et al. 1 1999). (14) Thean et al.i2000). (15) Sandqvist et al. 1 1995). (16) Sadler et al. (1995). (17) Schmitt et al. 12001). (18) Bransford et al. 1 1998). (19) Ulvestad & Wilson 
119841) . (20)lvila et al. 1 199c|) (21)| jones et alj 11994ft. f22)ISlee et all (1991 ). f23) IDavies et alj (19981). (24) IKewlev et all (20001) . (25) Schoramer et al. 1 1988). (26) W hite et alj 
1 1997). (27) Neff & Hutchinas i 1992). (28) Condon et al. i 1998). (29) This work. (30) Turner et al. i 2001). (31) Youna et al. i 2001 ). (32) Matt et al. 1 2000). (33) Cappi et al. i 2006). 
(34) Nemmen et al. (2006). (35) Evans et al. 12006). (36) Balmaverde et al. 12006). (37) Risaliti et al. 12005). (38) Levenson et al. (2006). (39) Saxton et al. (2008). (40) Turner et al. 
(1997). (41) Guainazzi et al. 1 2005b). (42) Terashima et al. 1 2002). (43) Gilli et al. 1 2000). (44) Maiolino et al. 1 1998). (45) Ivomoto et al. 1 2001). (46) Iwasawa et al. 1 2002). 
(47) Bianchi et al. ( 2008). (48) Dadina 1 2007). (49) Yaqoob & Padmanabhan ( 2004). (50) McKernan et al. 1 2007). (51) Vianali & Comastri ( 2002). (52) Pappa et al. ( 2001). (53) 
Netzer et al. 1 2002). (54) Kaspi et al. (2001). (55) Guainazzi et al. 1 2005a). (56) Yana et al. 1 2001). (57) Balmaverde & Capetti 1 2006). (58) Yang et al. 1 2007). (59) Iwasawa et al. 
(2003). (60) Moran et al. (2005). (61) Briahtman & Nandra (2008). (62) Risaliti (2002). (63) Chiaberae et al. (2006). (64) Steenbruaae et al. (2003). (65) Pellegrini et al. i 2002). 
(66) Ho et al. i 1999). (67) Salvati et al. 1 1997). (68) Done et al. 1 1996). (69) Terashima et al. 1 1999). (70) Grandi et al. 1 2003). (71) Levenson et al. (2004). (72) Fukazawa et al. 
{200ir "(73) Bianchi et al. (2002). (74) Bianchi et al. 1 2004). (75) Bianchi et al. 1 2006). (76) Zhana et al. 1 2006). (77) Levenson et al. 1 2001). (78) Gu ainazzi 120020 . (79) IRevnoldsl 
(199% . (80) (Yaqoob eTIulteOol . (81) ILevenson et alj(2005l) . (82) IDong et alj (20041) . 

a Cepheid distance from Freedman et al. 12001 ). 

b i it 1 

Tip of the red giant branch distance from Karachentsev et al. 1 2003). 

c Planetary nebula luminosity function distance from Feldmeier et al. i 1997). 

^ Flux from lSturm et alj (20021) . A 20% calibration uncertainty is adopted. 

e Flux from Spoon et al. 12000). A 20% calibration uncertainty is adopted. 



TABLE 2 
[O iv] Statistical Tests 



Syl v. Sy2 Sy2, Compton-thin Sy2, Compton-thick Sy2, Nh unknown 



(1) 


(2) 


(3) 


(4) 


(5) 


Gehan, permutation" 


0.322 


0.979 


0.680 


0.010 


Gehan, hypergeometric b 


0.309 


0.979 


0.682 


0.007 


logrank c 


0.464 


0.960 


0.570 


0.040 


Peto-Peto d 


0.289 


0.963 


0.693 


0.010 


Peto-Prentice c 


0.298 


0.966 


0.696 


0.009 



NOTE. — Col. (1): Seyfert types 1.0-1.5. 18 objects, 2 upper limits. Col. (2): Seyfert types 1.8-2. 71 objects, 14 upper limits. Col. (3): Seyfert types 1.8-2. N H < 1 X KT 24 cm" 2 . 
24 objects, 2 upper limits. Col. (4): Seyfert types 1 .8-2, Nh > 1 X 10 cm -2 . 18 objects, 3 upper limits. Col. (5): Seyfert types 1.8-2, Nh unknown. 29 objects, 9 upper limits. The 
values in Columns 2-5 correspond to probabilities that the two samples are drawn from the same distribution. 

Gehan's generalized Wilcoxon test, permutation variance (Feigelson & Nelson 1985; Lavalley et al. 1992). 

Gehan's generalized Wilcoxon test, hypergeometric variance iFeigelson & Nelson 1985: Lavalley et al. 1992). 

C logrank test i Feigelson & Nelson 1985; Lavalley et al. 1992). 

^ Peto & Peto generalized Wilcoxon test i Feigelson & Nelson 1985; Lavalley et al. 1992). 
6 Peto & Prentice generalized Wilcoxon test ( Feigelson & Nelson 1985; Lavalley et al. 1992). 
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TABLE 3 
[0 in] Statistical Tests 



Syl v. 


Sy2 


Sy2, Compton-thin 


Sy2, Compton-thick 


Sy2, N H unknown 


(1) 


(2) 


(3) 


(4) 


(5) 


Gehan, permutation 


0.002 


0.015 


0.166 


3 x 10" 4 


Gehan, hypergeometric 


2 x nr 4 


0.015 


0.164 


6 x ur 5 


logrank 


0.004 


0.003 


0.054 


6 x 10- 4 


Peto-Peto 


0.002 


0.003 


0.054 


3 x Kr 4 


Peto-Prentice 


6 x ur 4 






2 x 10- 4 



NOTE. — Col. (1): Seyfert types 1.0-1.5. 18 objects, upper limits. Col. (2): Seyfert types 1.8-2. 71 objects. 1 upper limit. 1 object with no data (NGC4945). Col. (3): Seyfert 
types 1.8-2, N H < 1 X 1(T 24 cm" 2 . 24 objects, upper limits. Col. (4): Seyfert types 1.8—2, Nh > 1 X 1(T 24 cm" 2 . 18 objects, upper limits, 1 object with no data (NGC4945). Col. 
(5): Seyfert types 1.8-2, N H unknown. 29 objects, 1 upper limit. The values in Columns 2-5 correspond to probabilities that the two samples are drawn from the same distribution. 
The Peto & Prentice Wilcoxon test reduces to Gehan's Wilcoxon test when there are no upper limits. 



TABLE 4 
6 cm Statistical Tests 



Syl v. Sy2 Sy2, Compton-thin Sy2, Compton-thick Sy2, N H unknown 



(1) 


(2) 


(3) 


(4) 


(5) 


Gehan, permutation 


0.191 


0.682 


0.786 


0.023 


Gehan, hypergeometric 


0.172 


0.682 


0.787 


0.017 


logrank 


0.078 


0.517 


0.677 


0.006 


Peto-Peto 


0.188 


0.682 


0.774 


0.021 


Peto-Prentice 


0.197 


0.685 


0.775 


0.021 



NOTE. — Col. (1): Seyfert types 1.0-1.5. 18 objects, 1 upper limit. (2): Seyfert types 1.8-2. 71 objects, 8 upper limits. Col. (3): Seyfert types 1.8-2, N H < 1 X 10~ 24 cm" 2 . 24 
objects, 1 upper limit. Col. (4): Seyfert types 1.8-2, Nh > 1 X 10~ 24 cm" 2 . 18 objects, upper limits. Col. (5): Seyfert types 1.8-2, N H unknown. 29 objects, 7 upper limits. The 
values in Columns 2-5 correspond to probabilities that the two samples are drawn from the same distribution. 



TABLE 5 
2-10 keV Statistical Tests 



Syl v. 


Sy2 


Sy2, Compton-thin 


Sy2, Compton-thick 


Sy2, Nh unknown 


(1) 


(2) 


(3) 


(4) 


(5) 


Gehan, permutation 


1 x 10- 5 


0.057 


3 x 10~ 5 


< 1 x 10~ 7 


Gehan, hypergeometric 


< i x ur 7 


0.058 


9 x ur 6 


< i x nr 7 


logrank 


< 1 x 10- 7 


0.015 


3 x nr 6 


< l x nr 7 


Peto-Peto 


i x ur 5 


0.015 


3 x ur 5 


< 1 x 10- 7 


Peto-Prentice 


3 x ur 6 




1 x 10- 5 


< 1 x io- 7 



NOTE. — Col. (1): Seyfert types 1.0-1.5. 18 objects, upper limits. Col. (2): Seyfert types 1.8-2. 71 objects, 9 upper limits. 8 objects with no data. Col. (3): Seyfert types 1.8-2, 
N H < 1 X 10~ 24 cm" 2 . 24 objects, upper limits. Col. (4): Seyfert types 1.8-2, N H > 1 X 10~ 24 cm" 2 . 18 objects, 1 upper limit. Col. (5): Seyfert types 1.8-2, N H unknown. 29 
objects, 8 upper limits, 8 objects with no data. The values in Columns 2-5 correspond to probabilities that the two samples are drawn from the same distribution. The Peto & Prentice 
Wilcoxon test reduces to Gehan's Wilcoxon test when there are no upper limits. 



